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as the dopant, this prior-art disclosure is noteworthy because it provides a conductive 
polymer complex that is stable and self-supporting. However, such polymer complexes 
sometimes lack adequate chemical and physical stability as electrically conductive 
materials. Moreover, on account of the high concentration of conductive polymer on one 
side and the high concentration of polymer electrolyte on the other side, the doping ratio, 
which is an important characteristic of ion dopant-type conductive polymers, is generally 
lower than when common inorganic anion dopants are used. Furthermore, the present 
inventors have found from their own investigations that while the sulfonic acid groups on 
sulfonated polymer dopants dissociate within aqueous solutions, dissociation within 
nonaqueous solvents is often not easy. As a result, it is difficult to fully functionalize 
such conductive polymer complexes in nonaqueous solvents, which has served as a 
barrier to commercial application. 

It has been proposed that fluorinated polymer electrolytes, which have a better 
chemical stability than the above sulfonated polymers, be used as the polymer dopant. In 
one such : method, a cell in which a membrane made of a fluorinated polymer electrolyte 
separates a conductive polymer-forming monomer solution and an oxidizing agent 
solution is used to chemically polymerize a conductive polymer from the surface of the 
fluorinated polymer electrolyte membrane on the oxidizing agent side thereof so as to 
synthesize a conductive polymer/fluorinated polymer electrolyte complex film. However, 
even with this method, the polymer electrolyte doping ratio does not always suffice and 
the film obtained is non-uniformly doped with dopant. Moreover, conductive 
polymer/polymer electrolyte complexes synthesized by a chemical polymerization 
process have inserted therein as dopants both anionic groups on the polymer electrolyte 
and anions introduced from oxidative polymerizing species. Accordingly, 
there forms a conductive polymer/polymer electrolyte complex film bearing a complex 
dopant composed of a fixed dopant and a mobile dopant. 

In addition, JP-A 63-98972 discloses the use of a conductive polymer/fluorinated 
polymer electrolyte complex as a positive electrolyte active material in secondary 
batteries. This disclosure mentions that when such a complex is used as the positive 
electrode in a battery, the self discharge rate at the positive electrode decreases, 
improving the durability of the cell. In particular, a method is described for using a 
chemical polymerization process to produce a fluorinated polymer electrolyte/conductive 
polymer complex powder. However, the polymer electrolyte in the complex obtained by 
this process has a very low doping ratio. In the working examples provided, only about 
25% of fluorinated polymer electrolyte is doped into the polyaniline. Even assuming that 
all the anionic groups on the fluorinated polymer electrolyte have been doped, the doping 
ratio amounts only to about a mere 3% per unit of polyaniline. - Also^ beeause the 
complex has a discharge capacity that is quite high, the primary dopant in the complex 
appears to be anions introduced from the ammonium persulfate used as the oxidizing 
agent rather than anionic groups on the fluorinated polymer electrolyte. Accordingly, this 
complex is satisfactory neither in terms of stability nor self-supportability. In addition, 
the conductive polymer is non-uniformly doped with dopant, so the complex has a poor 
conductivity. 

As mentioned above, in prior-art anionic group-bearing electrolytes, and 
particularly complexes of a polymer electrolyte with a conductive polymer, the polymer 
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(anionic group-bearing electrolyte) become a fixed dopant which do not enter and leave 
the conductive polymer with oxidation and reduction. Moreover, because at least the a 
positions on the electrolyte are substituted with fluorine, the resulting conductive polymer 
complex can function not only in an aqueous solution, but even in various types of 
solvents such as nonaqueous solutions. The reason is not clear, but appears to have 
something to do with the ability of the electrolyte used in the invention to dissociate 
anionic groups even in a nonaqueous solvent on account of the electron-accepting 
properties of the fluorine. 

Specific examples of the above electrolyte include oligomers and polymers of the 
following structures. 
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" A more specific, illustrative example is a polymeric electrolyte which includes a 
copolymer of tetrafluoroethylene with perfluoro-3,6-dioxamethyl-8-octenesulfamic acid 
having the structure shown below. 
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Examples: 

Examples are given below by way of illustration, although the invention is not 
limited by these examples. 

Working Example 1, Comparative Example 1 

A conductive polymer complex of polythiophene with an electrolyte was prepared 
by carrying out anodic oxidative polymerization to 0.6 C/cm 2 at a constant current of 0.5 
mA/cm 2 using a platinum plate (effective electrode surface area, 0.5 cm 2 ) as the anode 
and using an alcohol solution (electrolyte content, 5 wt %; water content, 10 wt %) of a 
tetrafluoroethylene/perfluoro-3 ,6-dioxamethyl-7-octenesulf amic acid copolymer- 
containing electrolyte (Nafion, made by E.I. DuPont de Nemours & Co.) and containing 
also 0.01 mol/dm 3 of thiophene. The resulting conductive polymer complex was a self- 
supporting film which was stable and did not break up even when dry. 

The conductive polymer complex was subjected to elemental analysis and the 
composition of the complex was computed from the proportions in which each of the 
constituent elements were present within the complex. The results showed that the 
conductive polymer complex contained 0.25 mol of electrolyte per mole of 
polythiophene. The distribution of sulfur atoms in the depth direction of the resulting 
conductive polymer complex was examined, whereupon the sulfur atoms were found to 
be uniformly dispersed. 

Next, using the conductive polymer complex thus obtained as the test electrode, 
using a platinum plate as the counter electrode, and using a saturated calomel electrode as 
the reference electrode, cyclic voltammetry was carried out in an aqueous solution 
containing 1 mol/dm 3 of potassium chloride. The results are shown as the solid line in 
FIG. 3. Similar measurements were earned out in a 20 wt % aqueous solution of 
polystyrene sulfonic acid sodium salt (molecular weight, 10,000). Those results are 
represented by the solid line in FIG. 4. 

In Comparative Example 1, anodic oxidative polymerization was carried out to 
0.6 C/cm 2 at a constant current of 0.5 mA/cm 2 using an acetonitrile solution containing 
0.1 mol/dm 3 of thiophene and 0.1 mol/dm 3 of tetraethylammonium perchlorate, yielding a 
polythiophene homopolymer in which the C10 4 " ions of the tetraethylammonium 
perchlorate served as the dopant. The polythiophene homopolymer was fragile and 
unstable. This polythiophene homopolymer was used as the test electrode, and cyclic 
voltammetry was carried out under the same conditions as in Working Example 1. The 
results are shown as dashed lines in FIGS. 3 and 4. As is apparent from FIG. 4, when the 
homopolymer is used as the test electrode, redox [reactions] are not observable in an 
aqueous solution of polystyrene sulfonic acid sodium salt. This indicates that when a 
homopolymer is used, anion migration involving the entry and leaving of anions 
accompanies oxidation and reduction, but that the anions cannot migrate if they are giant 
polystyrene sulfonic acid anions. By contrast, as is apparent from FIGS. 3 and 4, a 
conductive polymer complex exhibits substantially the same reversible voltammogram 
regardless of the size of the anionic species. Hence, the conductive polymer complex 
obtained therefrom exhibits cation-mobile redox reactions. 

Identification of the mobile ions associated with oxidation and reduction of this 
conductive polymer complex was carried out by analysis with an electron probe x-ray 
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Comparative Example 3 

A polythiophene/electrolyte complex was prepared by a chemical polymerization 
process in which 18 g of thiophene and 7 g of an electrolyte (Nafion 177, made by EJ. 
DuPont de Nemours and Co.) containing a copolymer of tetrafluoroethylene and 
perfluoro-3,6-dioxamethyl-8-octenesulf antic acid were used, and 20 g of ammonium 
persulfate as the dopant and the polymerization initiator were added thereto. The 
resulting complex was in the form of a powder rather than a self-supporting film. 
Moreover, the results of an elemental analysis of the complex indicated that the 
polythiophene contained 20 wt % of electrolyte. From these results, the doping ratio of 
the complex thus obtained was found to be 0.02. 

The complex powder thus obtained was molded under pressure into pellets, and 
used in this form as the test electrode to conduct the same evaluation as in the examples 
according to the invention. The mobile ions associated with oxidation and reduction 
were both cations and anions. This appeared to be due to the doping ratio and uniformity 
of the complex obtained from chemical polymerization. 

Advantages of the Invention: 

As described above, the process according to the present invention is able to 
provide a complex which exhibits an anionic group doping ratio of the same high degree 
as inorganic halogen anions, which has a uniform composition of excellent physical and 
chemical stability, and which is capable of functioning in various types of solvents. 

Moreover, the complex obtained by the inventive process has the novel capability 
of being of a fixed dopant type (mobile cation type), and shows promise in various areas 
of application for conductive polymers. 

4. Brief Description of the Diagrams 

FIG. 1 is a diagram showing a redox model of a fixed dopant-type conductive 
polymer obtained according to the present invention. 

FIG. 2 is a diagram showing a redox model of a mobile dopant-type conductive 
polymer. 

FIG. 3 shows cyclic voltammograms within an aqueous potassium chloride 
solution containing the conductive polymer complex obtained in Working Example 1 and 
within an aqueous potassium chloride solution of the conductive polymer obtained in 
Comparative Example 1. 

FIG. 4 shows cyclic voltammograms within an aqueous polystyrene sulfonic acid 
sodium salt solution containing the conductive polymer complex obtained in Working 
Example 1 and within an aqueous polystyrene sulfonic acid sodium salt solution of the 
conductive polymer obtained in Comparative Example 1. 

FIG. 5 shows diagrams of the EPMA analysis results for the conductive polymer 
complex obtained in Working Example 1 and for the conductive polymer obtained in 
Comparative Example 1. 
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